Hypertriglyceridaemia is one of the most common causes of severe acute pancreatitis (SAP). However, the association between elevated triglycerides (TG) level in hospital stay and outcome in SAP patients with normal TG level at admission has not been clearly demonstrated. This retrospective study assessed the serum TG levels of patients with SAP admitted to the intensive care unit (ICU) in 2017. Variables with a statistically significant association with the incidence of in-hospital TG elevation, as determined by univariate analysis, were analysed using a logistic regression model to predictors. Of the 99 patients included in the study, TG levels were within the normal range in 59 (59.59%) patients at admission. Among patients with normal TG level when admitted to ICU, 28 (47.46%) experienced at least one episode of TG level elevation during their ICU stay. Elevated TG level in hospitalization is associated with an increased length of ICU stay, as well as increased mortality. In addition to other factors, propofol usage was independently associated with the occurrence of in-hospital-TG elevation. To conclude, we retrospectively investigated the incidence, outcome, and risk factors for in-hospital TG elevation events in SAP patients admitted to the ICU. We found a high incidence of both preexisting and in-hospital-acquired TG elevation in SAP patients admitted to the ICU. The TG elevation that occurred during the ICU stay was associated with worse outcomes and long-term hospitalization of the ICU. Propofol usage was independently associated with the TG elevation occurrence in the ICU.
Introduction
Acute pancreatitis, which is sudden inflammation of the pancreas, is usually a mild disease with a favourable outcome [1, 2] . About 20% of patients with acute pancreatitis develop moderately severe or severe acute pancreatitis (SAP) (as defined by the revised Atlanta classification), which can be life-threatening [3] . Although the overall mortality rate for acute pancreatitis is relatively low, the mortality rate for SAP is much higher, at 10% for patients with sterile pancreatic necrosis and 25% for patients with infected pancreatic necrosis, compared with mild acute pancreatitis, which has a mortality rate of less than 1% [1, 4] . Because of organ dysfunction, patients with SAP may be hospitalised for more than 2 weeks and frequently require a stay in the intensive care unit (ICU) [5] . Of the approximately 210,000 patients admitted to hospitals in the United States each year with acute pancreatitis, about 20% have SAP [6] . Moreover, the incidence of SAP in Europe and the United States is increasing by about 5% per year, mainly owing to an increase in biliary pancreatitis [7, 8] .
The inflammatory reaction that occurs in SAP is thought to be due to premature activation of pancreatic proteases, which promote acinar cell apoptosis and necrosis [9] . Pancreatic inflammation disrupts pancreatic lipase secretion, which impairs triglyceride (TG) absorption by the intestinal mucosa cells. The unabsorbed TGs are then hydrolysed by pancreatic lipase, generating free fatty acids and 2-monoglycerides, which leads to dyslipidaemia [10] . Many studies have focused on the mechanism by which hypertriglyceridaemia triggers SAP [11] . However, the dynamic changes in serum TG levels and the impact of TG level elevation in SAP, especially the new-onset during an ICU stay, are poorly understood. This prompted us to investigate whether changes in serum TG levels over time are associated with SAP outcomes.
Methods

Study population
This single-centre retrospective study was conducted in the Department of Critical Care Medicine, West China Hospital, Sichuan, China. The clinical research ethics boards of the West China Hospital approved the study and waived the need for participants' informed consent because of the study's retrospective, anonymous, and non-interventional nature. All methods were performed in accordance with the relevant guidelines and regulations. We retrospectively analysed data via individual chart review from all patients admitted with pancreatitis to the Department of Critical Care Medicine between January 2017 to December 2017 using a prospectively collected hospital database. A specialised system (Clinical Information System designed for Critical Care Practitioners, Sichuan Smart Medicine Medical Information System Company, Chengdu, China) was used to ensure data integrity.
Study plan
The diagnosis of acute pancreatitis is based on symptoms, physical examination and laboratory selection values and requires two of the following three characteristics: 1) acute onset of upper abdominal pain, 2) serum amylase or lipase activity greater than 3 times the normal level, and 3) findings on cross-sectional abdominal imaging consistent with acute pancreatitis [12] . All patients admitted to the ICU during the study period with a diagnosis of pancreatitis were identified by scanning the medical records. SAP was defined as acute pancreatitis with persistent organ failure lasting for more than 48 h. Exclusion criteria included any of the following: age younger than 18 years, ICU stays less than 24 h, recurrence of chronic pancreatitis, a time from abdominal pain onset to hospital admission of more than 72 h, mild acute pancreatitis, and unavailable laboratory measurements or medical records. For patients with more than one ICU stay during the study period, only the first episode was analysed.
Gallstone SAP was diagnosed if imaging studies (computed tomography, magnetic resonance imaging, or ultrasonography) showed gallstones or choledocholithiasis. Hyperlipidemic SAP was defined as TG levels greater than 11.3 mmol/L or TG levels greater than 5.65 mmol/L with grossly lipaemic serum. Alcoholic SAP was diagnosed if the patient had a history of heavy alcohol consumption before the SAP onset and a history of alcohol consumption of over 50 g/ d for longer than 5 years.
For the purposes of this study, TG elevation event was defined when a serum TG level > 1.70 mmol/L was detected. The patient population was divided into two groups based on serum TG level at admission: a normal TG level group (N-TG group) and an elevated TG level group (E-TG group). Serum TG levels during the ICU stay were reviewed to rule out any episodes of new-onset TG elevation among patients with a normal TG level when admitted to ICU. Patients in the N-TG group were included in the in-hospital TG elevation group (H-E-TG group) if they experienced any episode of TG elevation while hospitalised, whereas members of in-hospital normal TG level group (H-N-TG group) did not experience any TG elevation episodes.
Data collection
Venous blood for all laboratory tests (including TG) was drawn within 6 h after admission and again whenever required, based on the judgement of the physician. Arterial blood was collected for air blood gas analysis whenever necessary. Specifically, TG was measured at the Department of Laboratory Medicines of West China Hospital using a Biochemical Analyzer (Dimension AR/AVL Clinical Chemistry System, Newark, NJ, USA). Other laboratory parameters were collected at admission and during hospitalisation, including: prothrombin time, aspartate aminotransferase, total protein, red blood cell count, haemoglobin level, direct bilirubin, arterial carbon dioxide partial pressure, haematocrit, activated partial thromboplastin time, mean corpuscular volume, mean corpuscular haemoglobin, high-density lipoprotein cholesterol, fibrinogen, mean corpuscular haemoglobin concentration, red blood cell distribution width, platelet count, white blood cell count, international normalized ratio, thrombin time, arterial oxygen partial pressure, base excess, lactate, procalcitonin, total bilirubin, alanine aminotransferase, albumin, glucose, cystatin C, gamma-glutamyl transferase, low-density lipoprotein cholesterol alkaline phosphatase and TG. Data routinely recorded on admission included age, gender, aetiology, and disease severity using the Acute Physiology and Chronic Health Evaluation II (APACHE II) score and Ranson's score at admission.
Statistical analyses
The data were analysed using SPSS Statistics 17 (SPSS Software, Chicago, IL, USA) and GraphPad Prism (GraphPad Software, San Diego, CA, USA) software. Continuous variables are presented as means ± standard deviation or median and interquartile range, while categorical variables are expressed as percentages. Analysis of variance (ANOVA) tests were used to compare means for continuous variables. Fisher's exact test was used for categorical variables. Chisquare tests were used to compare proportions for categorical variables. The log-rank test was used to evaluate statistical differences in survival curves, which were constructed using the Kaplan-Meier method. Univariate and multivariate logistic regression analyses were used to identify variables predictive of TG elevation event. A p value of <0.05 indicated a significant difference.
Results
We identified 255 adult ICU patients with a diagnosis of pancreatitis during the study period. Twenty-one patients were excluded because they were readmitted to the ICU during the study period. One hundred and twenty-nine patients who met the diagnosis of acute pancreatitis were enrolled after patients who were admitted because of recurrent chronic pancreatitis were excluded. Moreover, 15 whose ICU stay was < 24 h and 11 who had only mild acute pancreatitis were excluded, as well as two who were aged < 18 years at admission and two with insufficient data. Thus, 99 patients admitted for SAP were ultimately included in the study. Serum TG at the time of admission was higher than 1.70 mmol/L in 40 patients, who were therefore categorised as E-TG group. Thirty-one patients with normal TG level at admission experienced at least one episode of TG elevation during their ICU stay, and these patients were included in the H-E-TG group (Fig 1) .
The baseline characteristics of the study population are summarised in Table 1 and S1 Table. Gallstone SAP was the most common cause for SAP in this cohort. Mean APACHE II and Ranson's scores were 16.72 and 2.13, respectively. In addition, overall in-hospital mortality was 28.28%, and 28-day mortality was 21.21%. The average serum TG levels in the study cohort for 28 days after ICU admission and the distribution of serum TG levels in all patients upon admission are shown in Fig 2. In total, 40.40% (40 out of 99) of the patients with SAP had an elevated TG level at the time of ICU admission (Fig 1) . No significant differences in demographic data were found between the N-TG group and E-TG group, except in pancreatitis aetiology ( Table 1 ). The serum TG changing levels in N-TG and E-TG patients after ICU admission are shown in Fig 3A. Patients in E-TG group at admission had a significantly higher serum TG level within 8 days after admission compared with those in N-TG group. In addition, ICU and 28-day mortality rates seems lower in E-TG group compared with patients in N-TG group, without significant difference (Table 1, S1 Fig) . Furthermore, in patients with non-hypertriglyceridaemia-induced SAP, elevated TG level at admission was also not significantly associated with increased mortality (S2 Table) .
In-hospital TG elevation events occurred in 47.46% (28/59) of patients in the cohort (Fig 1) . The serum TG levels in both H-N-TG and H-E-TG group during their ICU stay are shown in Fig 3B . Table 2 and S3 Table show that patients who have elevated TG level had higher Ranson's scores at admission, and mean serum TG levels in these patients were significantly higher than in patients who did not experience TG elevation in hospital. During the entire study period, TG elevation obtained in the hospital was directly associated with a higher mortality and a longer residence time in the ICU (Table 2) . Moreover, there was a significant difference in mortality at 28 days between patients in H-N-TG group and H-E-TG group (S2 Fig). Results from the propensity score analysis and logistic analysis suggested that TG elevation in hospital is associated with worse outcome (Table 3 and Table 4 ).
To determine why patients with normal TG level at admission developed new-onset TG elevation events, we analysed treatments that may have induced TG elevation during the ICU stay. Table 5 shows that the amount of propofol usage between the two groups was significantly different. Logistic regression analysis using factors with significantly differences between the H-N-TG group and H-E-TG group was suggested that propofol usage was independently associated with the incidence of hospital-acquired TG elevation (Table 6 ).
Discussion
The principal findings of this study were that TG elevation event was common in patients admitted to the ICU with a diagnosis of SAP. Hospital-acquired new-onset TG elevation event, was associated with worse outcomes and a longer ICU length of stay. Risk factor analysis indicated that the amount of propofol usage is an independent risk factor for hospital-acquired TG elevation in patients with normal TG level at admission. As far as we know, this is the first study that studies the epidemiology of TG elevation acquired in the hospital and its possible impact on the adverse outcomes of a SAP patients group.
The pancreas is a secretory organ with both endocrine and exocrine functions that is directly involved in lipid metabolism. The presence of free fatty acids in the duodenum causes the release of the peptide hormone pancreazymin-cholecystokinin, which induces the gallbladder to release bile salts and the pancreas to release pancreatic lipase [13, 14] . Pancreatic lipase hydrolyses TG to generate free fatty acids and 2-monoglycerides, which are absorbed by the intestinal mucosa cells [10] . The concurrent pancreatic inflammation and lipid disturbance that occur during an SAP episode, which has been defined by the Atlanta Symposium as acute pancreatitis associated with organ dysfunction or local or regional complications, has drawn much attention in recent years [14] [15] [16] [17] . It is well known that hypertriglyceridaemia is one of the leading causes of SAP, after alcohol consumption and gallstones. Although the mechanism of hypertriglyceridaemia -induced SAP is still unclear, the most accepted theory involves accumulation of free fatty acids in the pancreas, which results from excess TG being hydrolysed by pancreatic lipase [18] . However, as mentioned above, earlier studies have focused on the role Fig 1. Flowchart of current study. A total of 234 unique pancreatitis patients was retrospectively collected and 2 of them were excluded for their age was less than 18 years at admission. Among them, 99 patients were diagnosed with severe acute pancreatitis and stayed in the ICU for more than 24 h. For enrolled SAP patients, 40 were admitted with an elevated TG level at admission. The remaining 59 patients with a normal TG level, 28 experienced at least one episode of TG elevation event during hospitalization. of SAP in triggering HTG. The dynamic changes in serum TG levels that occur during SAP episodes, especially during an ICU stay, are poorly understood. As parenteral nutrition support is indicated in those patients who are unable to tolerate targeted requirements by the enteral route, and lipids are essential for an efficient source of calories during parenteral nutrition support, it is necessary to evaluate the effect of hospital-acquired TG elevation on patients' outcomes to improve clinical practice. Our study characterised demographic data associated with elevated TG level at admission and acquired at ICU stay in patients with SAP. Patients with TG elevation when admitted to ICU had higher severity scores and were younger than patients those without. Thrombocytopenia, electrolyte disorders, and high creatinine levels were highly prevalent in patients with TG elevation at admission. While, patients with hospital-acquired TG elevation had a higher Ranson's score and were older than those with TG elevation at admission. An elevated TG level at admission was not associated with increased mortality in our cohort, which is in accord with the findings of a recent meta-analysis [19] . In addition, TG elevation at the time of admission to the ICU was not related to mortality in patients with nonhyperlipidaemia-induced pancreatitis. In China, the prevalence of hypertriglyceridaemia has increased recently because of changing eating habits, an increase in sedentary lifestyles, rising obesity levels and concomitant diabetes mellitus. Hypertriglyceridaemia-induced pancreatitis is often correlated with higher severity and elevated complication rates [20] . Although TG plays an active role in pathogenesis, our study raises the possibility that proinflammatory cytokines and adhesion molecules other than TG are the main determinants of mortality in the early phase of the disease. We found that hospital-acquired new-onset TG elevation is associated with mortality. All the patients in N-TG group are non-hyperlipidaemia-induced pancreatitis which ensure the comparability of the study. The elevated TG levels observed in SAP patients with a normal TG level at admission could occur for several reasons. Establishing enteral nutrition in these patients is relatively difficult because of persistent intestinal dysfunction, as well as SAP-related complications such as gastrointestinal fistula. Inadequate evaluation of lipid needs during parenteral nutrition may result in TG elevation. Moreover, current guidelines recommend maintaining TG values below 12 mmol/L instead of within the normal range, so clinicians may be poorly informed about lipid control. In addition, accurately determining an individual patient's need for lipids and proteins is extremely difficult in current clinical practice. Another reason for the occurrence of hospital-acquired TG elevation was prolonged sedation with propofol in patients with SAP who underwent mechanical ventilation. Our study indicates that propofol, not parenteral nutrition, was the main cause of hospital-acquired new-onset TG elevation. These results suggest that midazolam should be used instead of propofol to sedate patients with SAP, to avoid disturbing lipid metabolism [21] . Future studies should focus on interventions to prevent TG elevation happened in the ICU stay, which may directly improve mortality in patients with SAP. In our study, we defined TG elevation as a serum TG level greater than 1.70 mmol/L. Indeed, TG elevation is usually a biochemical diagnosis that is made on the basis of whether the fasting plasma TG concentration is above a certain cut-off point [22] . Proposed TG elevation definitions vary [14, 23] . For example, the Adult Treatment Panel III guidelines of the National Cholesterol Education Program has proposed four different categories and TG elevation was defined as serum TG level > 150 mg/dL (1.7 mmol/L) [24] . TG elevation severity level has been proposed by another system raised by the Endocrine Society with five clinical Hospital-acquired triglycerides elevation increases mortality of severe acute pancreatitis strata [25] . No single scheme has become predominant in the clinic although other systems have been proposed. The TG cut-off level is defined mainly on the basis of the long-term risk of cardiovascular disease. In our study, a cut-off value of 1.70 mmol/L was used to define TG elevation, although the inflammation that occurs during SAP and that in patients with cardiovascular disease is obviously different. This study has some limitations which have to be pointed out. First, this study was retrospective and observation bias is a concern although data were from a prospectively collected database. Second, we only investigated the serum TG levels for 28 days after ICU admission, and we did not have TG records for all patients in our hospital database. We did not include the mean weight/BMI in the demographics as this may also influence the TG levels in patients. The lack of follow-up data prevents our analysis of out-of-hospital outcomes.
To conclude, we retrospectively investigated the incidence, outcome, and risk factors for TG elevation in SAP patients admitted to the ICU. We found that a high incidence of hospitalacquired TG elevation in SAP patients admitted to the ICU. The TG elevation acquired during the ICU stay was associated with worse outcomes and long-term hospitalization of the ICU. Propofol usage was independently associated with the TG elevation occurrence in the ICU. 
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